Best Available Copy 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa! Patent Classification 6 : 




(11) International Publication Number: 


WO 97/13211 


G06F 17/60 


Al 








(43) International Publication Date: 


10 April 1997 (10.04.97) 



(21) International Application Number: PCT/US967I5976 

(22) International Filing Date: 4 October 1996 (04.1 0.96) 



(30) Priority Data: 

08/539,608 



5 October 1995 (05.10.95) 



US 



(71) Applicant: APPLIED BIONOMICS, INC. [US/US]; Suite 3, 

2173 East Francisco Boulevard, San Rafael, CA 94901 (US). 

(72) Inventors: ROTHSCHILD, Michael, L.; 41 1 Los Cerros Drive, 

Greenbrae, CA 94904 (US). SHWERT, Mark, H.; 3 
Cameron Road, Andover, MA 01810 (US). 

(74) Agents: FLIESLER, Martin, C. et al.; Fliesler, Dubb, Meyer 
and Lovejoy, Suite 400, Four Embarcadero Center, San 
Francisco, CA 94111 (US). 



(81) Designated States: AU, BR, CN, JP, MX, SG, European patent 
(AT. BE, CH, DE, DK, ES, FT, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: METHOD AND APPARATUS FOR IDENTIFYING AND OBTAINING BOTTLENECK COST INFORMATION 



(57) Abstract 

A cycle time method and apparatus 
is provided to obtain cost, efficiency, bot- 
tleneck and value creation information in 
a manufacturing facility. The manufactur- 
ing facility includes a plurality of produc- 
tion lines with each production line includ- 
ing a plularity of process steps. A work 
cell which includes a plurality of workers 
is responsible for each process step. Each 
work cell has an associated local processing 
apparatus for inputting process step quan- 
tity and time information (161). The local 
processing apparatus is coupled to a central 
processing apparatus via local area network. 
The central processing apparatus then iden- 
tifies and calculates bottleneck costing in- 
formation regarding the process steps (164), 
as well as the manufacturing facility bottle* 
neck (167). Bottleneck cost information for 
products are then calculated based upon the 
manufacturing facility bottleneck or factory 
bottleneck. The bottleneck costing infor- 
mation is then transferred to a printer or 
projection display nearby a work cell. 
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METHOD AND APPARATUS FOR IDENTIFYING AND OBTAINING 
BOTTLENECK COST INFORMATION 

5 Inventors : 

Michael L. Rothschild 
Mark H. Shwert 

10 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to obtaining cost information. In 
1 5 particular, the present invention relates to a method and apparatus 
for determining the cost of products in a manufacturing facility, 
thereby improving efficiency and profitability in manufacturing 
products. 

20 Description of the Related Art 

Manufacturing facilities are extremely complex and must 
accommodate: 1) a number of process steps; 2) a wide variety of 
products; and 3) a wide range of units per customer order. For 
example, a manufacturing facility which produces lead frames for 

25 semiconductor devices may have to produce 750 distinct types of 
lead frames. A lead frame may have from 8 leads to 208 leads. 
Some lead frame types may require relatively simple manufacturing 
steps, where other lead frames may require many complex process 
steps. Order quantities from customers can range from 10,000 units 

30 per order up to 1,000,000 units per order. 

Based on a customer order, workorders are generated listing 
what type of, and how many, products must be manufactured to fill 
a customer order. A workorder will include a lot number identifying 



a quantity of material which will be processed into manufactured 
products. In the lead frame manufacture example, a lot is a reel of 
metal which will be processed to produce multiple lead frames. 
Generally, a shop packet or paper printout listing the workorder and 
other information accompanies lots or reels during the manufacturing 
process. 

A manufacturing facility generally includes a large number of 
production lines producing an array of distinct products. Each 
production line may include a number of process steps in 
manufacturing the final product. In the lead frame manufacturer 
example, process steps may include a dry etching step and a plating 
step, among a number of other process steps, in producing the lead 
frame product supplied to a customer. In each process step, there 
may be a time period wherein the units are being processed by a 
machine or undergoing a production run. When the units are not 
undergoing a production run, the units may be waiting or queued for 
another process step. 

Each process step may have groups of workers organized in 
teams to complete a particular process step. There may also be 
multiple shifts or different time periods during a given day where a 
different group of workers are assigned to a production line for a 
particular process step. 

In most modern manufacturing facilities, a type of system 
known as Manufacturing Resource Planning ("MRP") is used to keep 
track of work orders flowing through the production process. For 
example, an MRP system known as CHESS, supplied by McDonnell 
Douglas Information Systems, located at Long Beach, California, 
attempts to optimize the manufacturing process by intertwining 
various software modules. Typically, one module of an MRP system 
is the costing module. 
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From costing studies using a typical number of units produced 
under typical factory conditions, a "standard cost" is determined for 
each product. This standard cost comprises two component costs: 
1 ) raw material costs per unit; and 2) overhead allocation cost per 
5 unit. The standard cost is input into a costing module database 
accessible by the MRP system. As products flow through the 
production process, these standard costs are attributable to specific 
customer orders to determine whether the total cost of these units 
to the customer was less than, or greater than, the price charged to 

1 0 the customer. 

However, these MRP software packages do not accurately 
provide real-time detail information regarding the manufacturing 
process. In particular, these MRP software packages do not provide 
detailed information regarding specific process steps or obtain data 

15 on the actual production experience of each and every work order as 
it flows through the factory. MRP systems do not obtain cost 
information in real-time or as products are being manufactured at 
specific process steps. MRP systems rely upon standard costs in a 
database which may not accurately reflect the current number of 

20 units produced or current factory conditions. In order to obtain 
accurate cost information in MRP systems, additional cost studies 
requiring substantial amounts of clerical and administration costs is 
required. Because adequate information from specific process steps 
is not obtained, accurate information identifying how the 

25 manufacture of a specific product can be improved by improving 
particular process steps and their interaction is not possible. For 
example, during a particular process step or cycle, it is not known 
what amount of time is used in setting up the process or machine, 
rather than actually running the process. Further, there is not 

30 adequate information as to how much and how long inventory has 
been waiting before undergoing a production run in a particular 
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process step. Likewise, during the process step itself, there may not 
be accurate information as to the production run machine speed and 
whether process innovations or improved machines may enable a 
more efficiently manufactured final product. Further, there is no 
5 adequate information in regard to the inventory of completed process 
step units awaiting a next process step. There is no adequate 
information regarding when a process should be completed in order 
to coincide with a next process step processing capability. 

Similarly, adequate information regarding the efficiency or yield 

10 of a particular process step is not available. For example, adequate 
information regarding the amount of scrap or unusable completed 
process step units which should be allocated to a particular process 
step is not taken into account. Scrap units created in one process 
step may not be identified until a few process steps later. Thus, 

15 certain process steps may appear to be efficient while their scrap 
units are not accurately being identified. 

Further, typical costing methods called standard costing or 
"activity-based costing" only determine the amount of time a typical 
product workorder spends at each manufacturing step and multiplies 

20 this time by a time charge for equipment and labor associated with 
each manufacturing step. The total cost to manufacture the product 
is then determined by adding together the costs of each 
manufacturing step. However, these methods do not determine 
which process step in the series of production steps is the bottleneck 

25 for a specific product type and work order quantity. Also, value 
creation information in a process step must be identified. A process 
step should be able to compare with previous production runs how 
efficient units are processed with respect to yield, flow efficiency 
and labor efficiency. 

30 Therefore, it is desirable to provide a method and apparatus 

which provides information concerning cost, efficiency, bottlenecks. 
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scrap and value creation in particular process steps in manufacturing 
a product. Further, it is desirable to obtain not only cost, efficiency, 
bottleneck, scrap and value creation regarding a specific process step 
in manufacturing a product, but to obtain this information in all 
5 products in a manufacturing facility with a wide range of customer 
order quantities. This information should be obtained continuously 
in real-time using actual production information without requiring a 
priori costing studies. 

10 SUMMARY OF THE INVENTION 

Other aspects and advantages of the present invention can be 
seen upon review of the figures, the detailed description, and the 
claims which follow. 

According to the present invention, a method is provided 

1 5 which allows for identifying factory bottlenecks and obtaining cost 
information based on the factory bottleneck in a manufacturing 
facility using time and quantity data from a work cell. The time and 
quantity data is stored in memory* 

A factory bottleneck is determined by either 1 ) thruput $ value 

20 of products or 2) physical product flow rate. A thruput $ value 
factory bottleneck is determined by calculating processing times of 
products in process steps responsive to the time and quantity data. 
A total processing time for a process step is then obtained by 
summing the processing times associated with each product. A total 

25 thruput $ value for products in respective process steps is then 
calculated. A thruput rate for each process step is calculated based 
upon the total processing times and total thruput $ values. The 
process step with the minimum thruput rate then identifies the 
factory thruput $ bottleneck. 

30 Similarly, a factory bottleneck based on physical unit flow of 

products may be obtained by taking the unit output value (completed 
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products) and dividing the unit output value by the net cycle times 
required to produce the output for each process step. In this case, 
the process step with the minimum unit flow rate identifies the 
factory bottleneck. 
5 According to another aspect of the invention, processing time 

is calculated by the equation: 

WPTw^ = (BTDw^c.p, - ATDw^CyP,) 
+ ((CTDwjI.CyP, -BTDw^CyP,) * WWYp 2 ). 
According to another aspect of the invention, processing time 
10 is calculated by the equation: 

WPTw^ = (BTDWjl t c v p 2 - ATDw^CyP,) + ((CTDwJ.CyP, - 
BTDw^CyP,). 

According to another aspect of the invention, total processing 
time at a processing step is calculated by the equation: 
15 PTp 2 = I WPTp z . 

According to another aspect of the invention, total thruput $ 
value is calculated by the equation: 

T$p z = Z (ASPs x - RMCs x ) * NAQs,p 2 . 
According to another aspect of the invention, thruput rate is 
20 calculated by the equation: 

T$Rp z = T$p 2 /PTp,. 
According to another aspect of the invention, product flow 
rate is calculated by the equation: 

FR = I NAQs x p 2 /Z NCTs.p,. 
25 In another aspect of the present invention, bottleneck cost 

information for a product in a manufacturing facility is obtained. 
Time and quantity information for a work cell is stored in a memory 
location. Total product yield is calculated. Raw material cost is 
calculated in response to total yield. Bottleneck time charge and 
30 bottleneck processing time are obtained. Stocknumber bottleneck 
time cost is calculated in response to bottleneck time charge and 
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bottleneck processing time. Total stocknumber bottleneck cost is 
then calculated in response to stocknumber bottleneck time cost and 
the raw materials cost. 

According to another aspect of the invention, total product 
5 yield is calculated by the equation: 

l\IYs x = Ys xPl * Ys x p 2 * Ys x p 3 * Ys x p 4 * Ys x p 5 . 
According to another aspect of the invention, raw material 
cost is calculated by the equation: 

RMCs x = RMs x /NYs x . 
10 According to another aspect of the invention, bottleneck time 

charge is calculated by the equation: 

BTC = Operating Expenses/Time 
According to another aspect of the invention, bottleneck 
processing time is calculated by the equation: 
15 SWBTs x = WPTw j l t c v p b ^ leneck s x /NAQw i l t c v p bottlenftCk s x . 

According to another aspect of the invention, stocknumber 
bottleneck time is calculated by the equation: 

SBTs x = SWBTs x as function of NAQs*. 
According to another aspect of the invention, stocknumber 
20 bottleneck time cost is calculated by the equation: 

BCs x = SBTs x * BTC. 
According to another aspect of the invention, total 
stocknumber bottleneck cost is calculated by the equation: 
TBCs x = BCs x + RMCs x . 
25 According to another aspect of the invention, an article of 

manufacture including a computer readable medium determines a 
bottleneck for a product in a manufacturing facility. The article of 
manufacture includes computer readable program code means for 
causing a computer to calculate processing time responsive to time 
30 and quantity data. Computer readable program means also causes 
a compute to calculate a total thruput value and thruput rate. 
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Computer readable program means then causes a computer to select 
a minimum thruput rate corresponding to the bottleneck. 

The novel method automatically collects the time and quantity 
data in the current production cycle of all units in the manufacturing 
5 facility. The actual cost of each work order and each product unit 
is calculated in real-time. The method eliminates the requirement for 
costing studies and the setting of standard costs. Further, the 
invention eliminates a substantial amount of clerical and 
administrative costs, while generating real-time accurate and 

10 continuous cost information. 

In another aspect of the invention, an apparatus improves a 
manufacturing facility which includes a work cell for completing a 
process step. Means for obtaining unit quantity and time data from 
the work cell is coupled to means for calculating cycle time cost 

1 5 data. Means for outputting the work cell cycle time cost data is then 
coupled to the means for calculating. The unit quantity and time 
data includes unit acceptance quantity, unit acceptance and set-up 
time, begin run time, unit complete quantity and unit complete time. 
In another aspect of the invention, the means for obtaining 

20 includes a bar code scanner coupled to a computer. The means for 
calculating includes a computer coupled to a network. The means 
for outputting includes a printer, projection screen or display screen. 

In another aspect of the invention, a system improves factory 
profitability. The factory includes a plurality of production lines and 

25 each production line includes a plurality of work cells. Means for 
obtaining unit information from a work cell in a production line is 
coupled to local processing means for storing unit information. 
Central processing means for calculating cycle time data is coupled 
to the local processing means. Means for outputting the cycle time 

30 data is then coupled to the central processing means. The work cell 
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cycle time data includes, among other information, gross cycle time, 
net cycle time, throughput, yield and bottleneck information. 

In another aspect of the invention, the means for obtaining 
includes a keyboard coupled to a computer. The local processing 
5 means includes a computer coupled via network to a central 
processing unit, including a server coupled to a computer. The 
central processing means includes a work cell activity module, a 
work cell value creation module, a manager report module, a 
bottleneck costing module and a scrap chargeback module. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
This invention will be described with respect to the particular 
embodiments thereof, and reference will be made to the drawings, 
in which: 

1 5 Fig. 1 illustrates a manufacturing facility having a plurality of 

production lines and a plurality of process steps according to the 
present invention; 

Fig. 2 illustrates a portion of the manufacturing facility shown 
in Fig. 1 which includes work cells according to the present 
20 invention; 

Fig. 3 illustrates outputting unit quantity information from a 
work cell, including good units and scrap units after completing a 
process step according to the present invention; 

Fig. 4 illustrates outputting timing information from a work 
25 cell, including accept, begin and complete timing data, of a typical 
process step in a work cell according to the present invention; 

Fig. 5 illustrates work cell gross cycle time and net cycle time 
according to the present invention; 

Fig. 6 illustrates work cell produced scrap according to the 
30 present invention; 
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Fig. 7 illustrates the cycle time logic flow according to the 
present invention; 

Fig. 8 illustrates the interface between the cycle time system 
and a manufacturing resource planning ("MRP") module according to 
5 the present invention; 

Fig. 9 illustrates a work cell activity module logic according to 
the present invention; 

Fig. 10 illustrates a work cell yield report output from the work 
cell activity module logic according to the present invention; 
10 Fig. 1 1 illustrates a work cell throughput report output from 

the work cell activity module logic according to the present 
invention; 

Fig. 12 illustrates a manager report module logic according to 
the present invention; 
15 Fig. 13 illustrates a daily real production summary output from 

the manager report module logic according to the present invention; 

Fig. 14 illustrates a workorder summary report output from the 
work cell activity module logic according to the present invention; 
Fig. 15 illustrates a bottleneck determination module logic 
20 according to the present invention; 

Fig. 1 5a illustrates a bottleneck costing module logic according 
to the present invention; 

Fig. 16 illustrates a stocknumber bottleneck report output from 
the bottleneck costing module logic according to the present 
25 invention; 

Fig. 17 illustrates a work cell value creation module logic 
according to the present invention; 

Fig. IB illustrates a value creation report output from the value 
creation logic according to the present invention; and 
30 Fig. 19 illustrates a scrap chargeback module logic according 

to the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
Fig. 1 illustrates a manufacturing facility 1 5 according to the 
present invention. In an embodiment, manufacturing facility 15 
includes production lines 1-4. Production lines 1-4 manufacture 
5 products A-D. The beginning of a production line is identified by 
reference number 16, while the end of the production line is 
identified by reference number 1 7. In each production line, there are 
a number of processing steps A-D. In an alternate embodiment, 
there may be far greater or lesser production lines and process steps. 

10 Also, various production lines could be located at different 
manufacturing facility locations. 

In an embodiment of the present invention, a lead frame 
manufacturing facility produces multiple types of lead frames for 
various semiconductor devices. Product A is a lead frame having 

15 only 8 leads, while product B is a lead frame having 208 leads. In 
the lead frame manufacturing facility embodiment, step A may 
include a dry etching process step, wet etching process step, or a 
stamping process step. Process step B could include a plating step, 
while steps C and D could include cut/tape and sort/pack process 

20 steps, respectively. 

In alternate embodiments, product A and product B could be 
the same product having the same stocknumber. Moreover, a 
number of units which have completed process step A in production 
line 1 could undergo process step B in production line 1 or process 

25 step B in production line 2. While the present invention has been 
described in terms of a production line, the present invention also 
may be implemented in a job shop environment where units are being 
processed or transferred from one job shop location or work cell to 
another job shop location or work cell. 

30 Manufacturing facility 1 5 is also partitioned into work cells. 

For example, work cells 12, 13 and 14 are indicated in production 
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line 1 and production line 2. A work cell may also include a plurality 
of teams and may have multiple shifts or periods of time during the 
day when a given group in a work cell completes or is responsible for 
a particular process step. A work cell team includes a number of 
5 workers responsible for a particular process step. In the present 
embodiment, 7 workers would be assigned to a particular work cell 
team. More or less workers could also be assigned to a particular 
work cell team. Time and quantity information associated with each 
work cell is obtained and transferred on network 11 to central 

10 processing 10. While Fig. 1 only illustrates 3 work cells, it should be 
understood that, preferably, each process step in a production line 
would have an associated work cell. 

Each production line and/or process step may have an 
associated product bottleneck. For example, production line 2 in 

1 5 work cell 14 illustrates a bottleneck in the manufacture of product B. 
A product bottleneck is defined as the process step in a given 
production line which limits the capability, for various reasons, of the 
ultimate manufacture of a product. A product bottleneck may be 
defined based on quantity of products or value of products, such as 

20 thruput $, produced. The bottleneck step is the step which yields 
the fewest quantity or value per unit of time, such as minute of 
process time. Similarly, there may be a factory bottleneck which is 
defined as the particular process step which limits the number of 
products which may be produced by the entire factory. Like the 

25 bottleneck on a freeway, or the rate limiting step in a chemical 
reaction, the manufacturing bottleneck step determines the rate at 
which a product type, or all products together in the case of a 
factory bottleneck, may flow through the entire factory. Bottlenecks 
will be discussed in particular detail below. 

30 Fig. 2 illustrates a portion of the manufacturing facility 1 5 as 

shown in Fig. 1 . In particular, Fig. 2 illustrates a cycle time system 
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26 according to the present invention. Work cells 12 and 13, for 
example, communicate with central processing 10 by bus 11. In the 
preferred embodiment, central processing 10 includes a Hewlett 
Packard 9000 server supplied by Hewlett Packard ("HP"), located at 
5 Santa Clara, California, and a personal computer, supplied by 
International Business Machines, Inc. ("IBM"), located at Armonk, 
New York. In an embodiment, bus 1 1 is a local area network. 

In an embodiment, work cell 1 3 and work cell 1 2 include local 
processing devices 20 and 23, respectively, which are coupled to 

10 bus 11. In an embodiment, local processing devices 20 and 23 are 
personal computers supplied by IBM. Local processing devices 20 
or 23 have associated keyboards and displays. The keyboard may 
be used to input work cell time and quantity data. Local processing 
devices 20 and 23 are also coupled to bar code scanners 2 1 and 24 

15 in order to input work cell time and quantity data. The bar code 
scanners may be connected directly by wire to the local processing 
device or connected by wireless communication such as radio 
frequency signals. Bar code scanners may obtain work cell time and 
quantity information from bar codes on a shop packet. 

20 In an embodiment, the bar code scanners are supplied by 

Intermec, Inc., located at Everett, Washington. Work cell time and 
quantity data is transferred to central processing unit 10 via bus 1 1 
by using bar code scanners 21 and 24 and/or a keyboard coupled to 
local processing devices 20 and 23. 

25 Bottleneck costing data, along with other cycle time data, 

calculated from work cell time and quantity data, is output on bus 1 1 
to local processing unit 20, 23 and/or displays 22 and 25. In 
addition, the cycle time data may be printed. While each work cell 
may have a local processing apparatus, bar code scanner and 

30 display, in alternate embodiments, work cells may share local 
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processing devices, bar code scanners and displays coupled to bus 
11. 

In an embodiment, the present invention calculates the cost of 
manufacturing a product (apart from raw material cost) by using a 
5 Bottleneck Time Charge CBTC"). The Bottleneck Time Charge 
reflects the actual cost of manufacturing by absorbing the expenses 
of the manufacturing plant over the production time in the plant's 
bottleneck, which determines the effective capacity of the plant. 
Bottleneck Time Charge is defined as: 

10 

BTC = Operating Expenses/Bottleneck Processing Time 

(Equ.1) 

In the present embodiment, Operating Expenses are the total 

15 expenses of the plant, including payroll and depreciation, but 
excluding raw materials. Bottleneck Processing Time is determined 
for the factory's bottleneck by adding the processing times, as 
described below in Equations 13 or 14, in the factory's bottleneck 
process step for all workorder/lots processed. Thus, in order to 

20 determine a bottleneck time charge CBTC"), the factory's bottleneck 
process step must be determined. 

When this Bottleneck Time Charge ( M BTC W ) is multiplied by a 
particular stocknumber workorder/lot bottleneck time or the time 
required for a particular stocknumber to complete the process step 

25 identified as the bottleneck, described below in Equations 22, 23 and 
24, the stocknumber bottleneck cost CBCS/) per unit for that 
product can be determined. By knowing the bottleneck cost per unit 
of a product, instead of the typical standard cost, a more precise and 
accurate cost of manufacturing a product is obtained. 

30 In typical MRP systems, the cost associated with a finished 

product would be determined by adding the various process steps 
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raw materials costs per unit, and possibly labor costs, to obtain a 
final cost of a finished product. This method of obtaining cost 
information does not take into account the time associated with each 
process step or factory cash contribution per unit. MRP systems do 
5 not obtain quantity and time information associated with each work 
cell in order to determine more accurate cost and efficiency 
information. For example, MRP systems would not be able to 
determine how much time is actually taken in setting up a process 
step machine or preparing units to be processed and how much time 

10 is actually associated with the actual processing. Moreover, these 
MRP systems do not accurately account for the amount of scrap 
units associated with each process step or identify which work cell 
is responsible for creating the scrap units. For example, process step 
A may generate scrap units which are not detected until process step 

15 C. Thus, process step A should be charged for the scrap units. 

Figs. 3 and 4 illustrate how time and quantity data is obtained 
from each work cell. A worker in a work cell begins the set-up for 
processing a workorder/lot by inputting the accept quantity CAQ H ) 
number into a local processing device. The local processing device 

20 then time stamps the AQ quantity at accept and set-up 50 time 
("ATD") in Fig. 4. Similarly, when the production run of a process 
step is initiated in a work cell, a worker must input into a local 
processing device the begin run time 40 ( M BTD tt ) and the complete 
run time 41 ("CTD") when the production run is initiated and 

25 completed, respectively. Immediately prior to the completion of a 
process step, a worker will input the quantity of good units 42 
("CQ"). Local processing devices may automatically time date or 
identify BTD time and CTD time when a worker inputs quantity of 
units processed by either a bar code scanner or keyboard. As the 

30 worker inputs the ATD time, BTD time, CTD time, AQ quantity and 
CQ quantity data, either directly or indirectly by local processing 
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device time stamps, worker's badge number, shift number and 
manufacturing location are also input. 

The next work cell, for example, work cell 13, will then 
likewise have a worker input the AQ quantity and ATD time, which 
5 is also the next accept ("NAQ") quantity and next accept time 
("NATD") 50(a) for work cell 12, in a local process device in work 
cell 13. For example, when a worker in work cell 13 inputs an AQ 
quantity and ATD time, central processing 10 automatically assigns 
the AQ quantity and ATD time in work cell 1 3 as the NAQ quantity 

10 and NATO time for work cell 12. 

Because each work cell is responsible for inputting unit 
quantity and time information into a local processing device, as 
discussed above, central processing 10 is able to calculate cycle time 
information in each work cell. For example, gross cycle time 60, 

1 5 shown in Fig. 5, for a particular work cell and in particular workorder 
and lot, can be obtained. This information indicates how long a work 
cell was responsible for a workorder/lot. This includes set-up time, 
production run time and queuing time (wait time) for the next 
process step, if necessary. Equations 2 through 10 refer to cycle 

20 time information per lot of a given workorder. Gross cycle time 60 
is defined as: 

WWGCT = NATDwjl t c v p r - ATDw^c.p, (Equ. 2) 

25 where: 

WWGCT is Work cell/Workorder/Lot Gross Cycle Time; 

NATD is Next Accept Time/Date; 

ATD is Accept Time Date; 

w i is Workorder/Job Number; 
30 c v is Team (for example, y = 1 to 5); 

p r is Process Step (for example, z = A to D); and 
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l t is Lot or portion of a workorder 

With work cell gross cycle time calculated, workorder gross 
cycle time rate is calculated by: 



where: 

WWGCTR is Work cell/Workorder/Lot Gross Cycle Time Rate; 

10 and 

NAQ is Next Accept Quantity. 

Likewise, net cycle time 61 can be obtained. Net cycle time 
indicates how long a particular workorder, or a lot in a workorder, 
15 took to complete a process step, for example, the time period from 
accept and set-up 50 to completion run 41. Net cycle time is 
defined as : 



5 



WWGCTR = WWGCTw^p./NAQw^CyP, 



(Equ. 3) 



WWNCT = CTDw^p, - ATDw^CyP, 



(Equ. 4) 



20 



where: 



25 



WWNCT is Work cell/Workorder/Lot Net Cycle Time; 

CTD is Complete Time/Date; 

ATD is Accept Time/Date; 

Wj is Workorder/Job Number; 

l t is Lot or portion of a workorder 

c v is Team (for example, y = 1 to 5); and 

p z is Process Step (for example, z = A to E). 



30 



As with gross cycle time rate per work cell, net cycle time rate 
per work cell is defined as: 
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WWNCTR = WWNCTw^c^/NAQw^p, (Equ. 5) 

where: 

WWNCTR is Work ce!l/Workorder/Lot Net Cycle Time Rate; 

5 and 

NAQ is Next Accept Quantity. 

Central processing 10 can also obtain cycle time information 
for a workorder or a lot in a workorder completing multiple process 
10 steps in a production line. This information measures the total 
elapsed time from beginning of set-up for the first process step to 
acceptance of the workorder/tot by finished goods inventory or by 
the end-use customer. 



15 WGCT = NATDWjl.CyPs - ATDw^p, (Equ. 6) 

where: 

WGCT is Workorder/Lot Gross Cycle Time; and 
the product required 5 process steps (A through E). 

20 

Likewise, net cycle time for a workorder or a lot in a workorder 
completing multiple process steps in a production line is defined as 
the sum of net cycle times for all work cells processing the 
workorder/lot: 

25 

WNCT = I CTDw i l l c y p z - ATDw^CyP, (for example, z = 1 to 5) 

(Equ, 7) 



30 



where: 

WNCT is Workorder/Lot Net Cycle Time; and 

the product required 5 process steps (A through E). 
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Gross flow rate and net flow rate for a lot in a workorder are 
defined below. 

WGFR = NAQw^/GCTw^ (Equ. 8) 

WNFR = NAQw^/NCTw^ (Equ. 9) 

where: 

WGFR is Gross Flow Rate; and 
WNFR is Net Flow Rate. 

Gross flow rate and net flow rate for a work cell may be 
similarly calculated. 

Finally, lot per workorder yield and flow efficiency are defined 

as: 

WY = NAQw^/AQw^ (Equ. 10) 

FE = WNCT/WGCT (Equ. 11) 



where: 

20 WY is Yield; and 

FE is Flow Efficiency. 

Work cell yield and flow efficiency may also be calculated 
similarly. 

25 By calculating the cycle time information above for each work 

cell and for all work cells in a production line which process a 
completed product, a large amount of cycle time information is 
obtained to identify opportunities for improving the manufacturing 
process. For example: 1) work in progress (WIP) may be cut; 2) set- 

30 up time for process machines can be reduced; 3) process or machine 
speed may be increased, if possible; 4) process innovations in a 
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particular work cell may be more effectively evaluated; 5) quantities 
output from particular work cells may be timed to customer requests 
or next work cell requests and delivery speed to the next work cell 
can be increased. 

5 Likewise, Fig. 6 illustrates how the present invention identifies 

scrap from a work cell. Identifying total scrap 70 in Fig. 6, which 
includes self-reported scrap 71 and customer-reported scrap 72, also 
creates opportunities for improvement in the manufacturing process. 
If individual work cells will be charged for their scrap units, workers 

10 will be more inclined to: 1) inspect incoming goods; 2) increase 
machine accuracy; 3) look to process innovations which reduce 
scrap; and 4) respond to customer requests in order to reduce 
customer-reported scrap 72. 

Fig. 7 illustrates logic flow 80 of the cycle time system 26 

15 according to the present invention. Quantity and time information 
are input at respective work cells in logic block 81. As described 
above, quantity and time information may be input by either a bar 
code scanner, keyboard, combination thereof, or other input device 
means. Cycle time system 26 then obtains work cell data from each 

20 work cell in the manufacturing facility 15 in logic block 82. As 
described above, one embodiment obtains manufacturing work cell 
data in cycle time system 26 by using a MRP CHESS software 
package and an HP 9000 server coupled to a local area network. 
Relevant work cell data is then extracted from a database in logic 

25 block 83. In an embodiment, relevant work cell data is extracted 
using a CHESS data extract file of fixed width format. Finally, 
various cycle time application modules 84 then may be used in order 
to calculate the selected data. Cycle time application modules 84 
include: 1) work cell activity module 85; 2) work cell value creation 

30 module 86; 3) manager report module 87; 4) bottleneck costing 
module 88; and 5) workorder scrap chargeback module 89. In an 
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embodiment, the above modules are software application routines 
using Excel 5.0, supplied by Microsoft, located at Redmond, 
Washington, on a personal computer in central processing 1 0. The 
software application routines may also be stored on a computer 
5 readable medium, such as a magnetic disk. In alternate 
embodiments, cycle time applications could be designed in hardware 
using various hardware logic. 

Fig. 8 illustrates the interface between cycle time system logic 
80 and an MRP module 90. In an embodiment, MRP module 90 is 

10 a Chess system which includes a workorder module, an inventory 
module, costing module and engineering module. The cycle time 
logic 80 obtains work cell data from a common database 91. In a 
preferred embodiment, the database is an Oracle database supplied 
by Oracle, located at Long Beach, California. 

1 5 Fig. 9 illustrates the logic flow of the work cell activity module 

85 illustrated in Fig. 7. Work cell activity module logic 85 identifies 
workorders completed by selected work cells during a selected time 
period. Logic block 100 selects a work cell and time period. Work 
cell data is then collected for the selected work cell and selected 

20 time period in logic block 101. Cycle time variables by stocknumber 
are calculated in logic block 101. Cycle time variables, which are 
calculated in logic block 102, include: 1) gross cycle time; 2) net 
cycle time; 3) net flow rate; 4) gross cycle time rate; 5) net cycle 
time rate; and 6) yield. Cycle time variables are then output to a 

25 report format in logic block 102. Finally, the report formats are 
either printed or displayed on a screen in logic block 104. 

Figs. 10 and 11 are example report formats. The report 
formats may be output at: 1) screen or printers at central processing 
10; 2) local processing printers or screens 20 and 23 shown in Fig. 

30 2; or 3) projected on large screens 22 or 25 in Fig. 2. Thus, work 
cells have immediate information as to cycle time variables in order 
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to identify bottlenecks and improve efficiency. Likewise, managers 
at central processing 10 also have cycle time information. 

Fig. 10 illustrates a report format output from work cell 
activity module 85 in Fig. 9. Fig. 10 illustrates a work cell yield 
5 report for a work cell completing a cut/tape process step. The team 
and shift is yellow and three, respectively. The time period selected 
is from March 19, 1995 to March 25, 1995. As can be seen, a list 
of stocknumbers associated with a given product is listed in a first 
column. Accepted and completed quantities for each stocknumber 

10 are listed in columns 3 and 4. Individual throughput rates and scrap 
rates associated with each product are also calculated and listed in 
columns 5 and 6. Finally, yields are listed in the final column. 

For example, on the first line, 13.38K of stocknumber 50802 
was accepted by the yellow team cut/tape work ceil from March 19, 

15 1995 to March 25, 1995. The cut/tape work ceil then completed 
13.25K units of stocknumber 50802 during the selected time period. 
The product had a throughput quantity of 13.25K and a scrap 
quantity of 0.1 3K. This resulted in 99% yield. 

Similarly, Fig. 11 illustrates a work cell throughput report for 

20 the yellow team cut/tape work cell during shift 3 at the time period 
from March 19, 1995 through March 25, 1995. As in Fig. 10, 
individual stocknumbers are listed on the left-hand column with 
throughput quantity and yields for individual stocknumbers listed in 
columns 3 and 4. Average gross cycle time and average net cycle 

25 time per lot are also output in a days: hours: and minutes: format. 
Finally, net flow rate is likewise listed in the final column. 

Fig. 1 2 illustrates manager report module logic 87 identified in 
Fig. 7. Logic block 140 selects the time period and manufacturing 
facility location to analyze. Logic block 141 then collects the 

30 workorders completed during the selected time period. Logic block 
1 42 collects work cell data relevant to the completed workorders. 
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Logic block 143 then calculates cycle time variables by workorder. 
The calculated cycle time variables in logic block 143 then may be 
summarized by workorders for suitable time increments in logic block 
144 or separated by relevant product segments in logic block 146. 
5 The output from logic block 146 is input to logic block 147 which 
summarizes cycle time variables by product segment for a suitable 
time increment. Both outputs of logic blocks 147 and 144 are input 
to cycle time report formats in logic block 148 and logic block 145, 
respectively. 

10 ' Fig. 13 illustrates a report format output from logic block 145 

in Fig. 12. Fig. 13 illustrates a daily reel production summary for the 
selected period from March 26, 1 995 through April 1 , 1 995. Among 
other cycle time variables,, gross cycle time and net cycle time is 
displayed. Likewise, gross cycle time and net cycle time per reel are 

15 also summarized. Various cycle time variables are identified on a 
per-day basis from March 26, 1995 through April 1, 1995. For 
example, on March 27, 1995, 10 reels were finished, producing 74K 
units. The gross cycle time and net cycle time was 46.62 hrs./K and 
16.92 hrs./K, respectively. The yield was approximately 64%, with 

20 a flow efficiency of 36%. Net raw materials cost was $3,388 and 
scrap cost was $1,782, with a total cost of $5,170. 

Fig. 14 also illustrates a cycle time workorder summary report 
output from work cell activity module logic 85. The workorder 
summary report identifies workorder 6211, and specifically lot 1 

25 identified under the third ("Line") column. The workorder identifies 
stocknumber A58447 going through the dry etching, wet etching, 
plating, taping, cutting and sort/pack process steps in respective 
work cells. Employee names identifying accepting the various unit 
quantities into each work cell are also identified along with date and 

30 time information. 
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Fig. 15 illustrates a bottleneck costing module logic 88 
identified in Fig. 7. There are two steps to bottleneck costing 
module logic 88: 1) Bottleneck Determination, and 2) Bottleneck 
Costing. 

5 Fig. 15 illustrates the logic of the Bottleneck Determination 

Module. A time period is selected in logic block 160. The 
Workorder/Lot Processing Time for each workorder/lot in each 
process step is calculated and totalled to provide the Total 
Processing Time in each process step in logic block 161, as seen 
10 below in Equ. 12. Either Equ. 13 or Equ. 14 can be used to 
determine a specific Workorder/Lot Process Time at a particular 
process step. 

In the preferred embodiment the Workorder/Lot Processing 
Time is calculated in Equ. 14, where the run time (Begin to 

1 5 Complete) is multiplied by the workcell/workorder/lot yield to provide 
a definition of processing time which excludes processing time on a 
product that was ultimately scrapped. Another definition of 
Workorder/Lot Processing Time (Equ. 1 5) could also be used. This 
definition is equivalent to the Workcell/Workorder/Lot Net Cycle Time 

20 in Equ. 4, above. 

Total Processing Time at Process Step: 

PTp z = I WPTp z (Equ. 12) 

25 

Workorder/Lot Processing Time: 

WPT Wj l t = (BTDw^CyP, - ATD Wi l t c v p 2 ) + ((CTD Wi l t c v p 2 
-BTDw^p,) * WWYp z ) (Equ. 13) 

30 



WPTw^ = (BTDw^^p, - ATDw^p,) + ((CTDw^p, 
-BTD Wj l t c v p 2 ) (Equ. 14) 



WO 97/13211 



PCT/US96/15976 



25 

(Equ. 14 is equivalent to: WWNCT = CTDw^CyP, - 
ATDWjl.CyP,) 

5 

The Total thruput $ value produced for each stocknumber in 
each process step is calculated in logic block 162, as seen below in 
Equ. 15. The Total thruput $ value at a particular process step is 
equal to the sum of stocknumber thruput $ values for each 
10 stocknumber, multiplied by the number of completed goods or NAQ 
number. 

Total Thruput $ Value at Process Step: 

15 T$p z = Z (ASPs x - RMCs x ) * NAOs xPz (Equ. 15) 

Stocknumber Thruput $ value is equal to the average selling 
price of a stocknumber s x , minus raw material costs of the 
stocknumber, as described in Equ. 16. 

20 

Stocknumber Thruput $ Value: 

T$s x = ASPs x - RMCs, (Equ. 16) 

25 ASPs x is average selling price of stocknumber s x . 

RMCs x is raw material cost of stocknumber s x defined 
below in Equ. 24. 

30 The average Thruput $ Rate per period of time for each 

process step is then obtained in logic block 163, as seen below in 
Equ. 17. In the preferred embodiment, the period of time is a 
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minute. The process step with the lowest Thruput $ Rate ("BT$R M ), 
or the factory's bottleneck process step, is determined in logic block 
164, as seen below in Equ. 18. 

5 Process Step Thruput $ Rate: 

T$Rp 2 = T$p 2 /PTp 2 (Equ. 17) 

Bottleneck Thruput $ Rate: 

10 

BT$R = Minimum T$Rp z (with 5 process steps: Z = 1 

to 5) 

(Equ. 18) 

15 In addition to determining a factory bottleneck based on 

thruput $ value described above, a factory bottleneck may be 
determined by the physical product flow rate, as shown in Fig. 1 5. 
First, the processing time for all workorders in each process step is 
calculated (logic block 161). Next, the output quantities for those 

20 workorders at each process step is determined (logic block 165). 
When the volume quantities for all stocknumbers and workorders 
processed is divided by the processing time for those same 
workorders, a product flow rate is determined for that process step 
(logic block 166). The product flow rates for each process step are 

25 compared in logic block 1 67. The lowest flow rate identifies the 
factory bottleneck based on physical product flow rates instead of on 
thruput $. This information can be used to identify product capacity 
constraints and product capacity utilization rates to assist operations 
management in improving factory thruput volume. When this data 

30 is restricted to a single machine or production line within a process 
step, it can be used to determine their capacity and utilization. 
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Product Flow Rate for a stocknumber at a process step: 

FR = I NAQs x p 2 /I NCTs x p 2 Equ. 18a 

5 where: 

NAQ is the Next Accept Quantity; and 
NCT is Net Cycle Time <CTDs x p 2 - ATDs x p z ) 
Figure 1 5a illustrates the logic of the second step in bottleneck 
costing module logic 88. A time period and stocknumber is selected 
10 in logic block 170. Relevant data for the stocknumber in the time 
period at the determined factory bottleneck process step is collected 
in logic block 171. The Net Yield for a stocknumber is calculated in 
logic block 172, as seen in Equ. 19. The Net Yield is the total yield 
for all lots, workorders and process steps for a particular 
1 5 stocknumber. 

Stocknumber Net Yield (with 5 process steps: z = 1 to 5) 

NYs x = Ys xPl * Ys x p 2 * Ys x p 3 * Ys x p 4 • Ys x rffqu. 19) 

20 

Next, the stocknumber workorder/lot bottleneck time per unit 
of output for each workorder/lot ( w SWBTs x M ) at the factory 
bottleneck process step is calculated in logic block 173, as seen in 
Equ. 20. The Workorder/Lot Process Time CWPT") used in Equation 
25 20 can be that defined by either Equation 13 or 14 when applied to 
the bottleneck process step. 

Stocknumber Workorder/Lot Bottleneck Time 



30 



SWBTs x » WPTw i l t c v p b ^ eck s x /NAQw j l t c y p bott iyfea A s x 20) 
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Next, the relationship between the stocknumber workorder/lot 
bottleneck time ("SWBTs^") and the workorder/lot unit output is 
determined in logic block 174 in order to obtain stocknumber 
bottleneck time, as illustrated by Equ. 21. 

5 

Stocknumber Bottleneck Time: 

SBTs K = SWBTs x as function of NAQs x (Equ. 21) 
(e.g.,: SBT is average of all SWBT, weighted average 
10 of all SWBT, or linear function F(NAQ) = SWBT) 

The relationship between SWBTs x and SBTs x can be 
established in several different ways: 1 ) A simple average of the 
factory bottleneck times and units per reel for all workorders/lots of 

15 that stocknumber in the selected time period could be used. 2) A 
weighted average bottleneck time could be calculated based on the 
total time and total units for all workorders/lots of that stocknumber. 
3) A linear regression technique could be used to calculate the 
relationship between bottleneck time and the units per reel of each 

20 workorder/lot of the stocknumber. The method used is dependent 
on the particular circumstances of the factory, the product and the 
manufacturing process. 

With each of the three methods described above to determine 
the relationship between bottleneck time and units per reel, either of 

25 two methods for calculating the workorder/lot process times can be 
used. (See Equation 21) As described in the previous section on 
bottleneck determination, the processing time calculation can be 
made using either the full run time for each workorder/lot or only the 
productive portion of the run time (excluding the time used to 

30 process scrapped material) (Equations 13 or 14). 



WO 97/13211 



PCT/US96/15976 



29 

The preferred method for determining the relationship between 
SWBTs x and NAQs x uses the linear regression technique and the 
productive portion of run time definition for WPTw^ (Equ. 13). 

In the linear regression technique, the number of minutes in 
5 the bottleneck process per unit of output is predicted. The 
relationship describes a linear function of the form y = mx + b, 
where y is the estimated bottleneck time, m is the slope of the 
estimated line, x is the units of output and b is the y intercept. The 
regression analysis establishes values for m and b. An appropriate 

10 value for the units per reel (x) is then chosen. And then using the 
linear formula the associated bottleneck time (y) for the stocknumber 
is computed. The choice of x, or units per reel, to use can be one of 
several types. The average or mean of all x's in the data set, the 
median, mode or a trimmed mean could all be used depending on the 

15 circumstances of the product and the process. In the preferred 
method, a trimmed mean, which excludes an equal portion of the 
highest and lowest data points, is used. By using this method, data 
outliers are eliminated. A relationship other than linear, for example, 
logarithmic or exponential, could also be used. Based on the 

20 relationship, the Stocknumber Bottleneck Cost, "BCs/, as shown in 
Equ. 22, is calculated in logic block 1 75. 

Stocknumber Bottleneck Cost 

25 BCs, = SBTs, * BTC (Equ. 22) 

Accordingly, the Total Stocknumber Bottleneck Cost {"TBCs/) 
is defined as the sum of the stocknumber bottleneck time cost 
("BCs x ") and the stocknumber/lot raw material cost, as seen in Equ. 
30 23 below. 

Total Stocknumber Bottleneck Cost: 
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TBCs x = BCs x + RMCs x (Equ. 23) 

The stocknumber/lot raw material cost ("RMCs x ") is calculated 
using the unit raw material cost for the particular stocknumber 
5 ("RMs x ") and dividing by the average net yield of that stocknumber 
("NYs x M ) as in Equations 19 and 24. 

Raw Material Cost: 

10 RMCs M = RMs,/NYs K (Equ. 24) 

Fig. 16 illustrates a report format from logic block 175 
containing bottleneck cost information. A one-month time period is 
selected. The report is divided into a graphical representation and 

15 chart form. In this example, a sort/pack process step has been 
determined to be the factory bottleneck. The graphical 
representation shows bottleneck processing minutes per thousand 
(K) of units in the sort/pack process step, versus thruput in 
thousands per reel. Thirty-six reels were processed in this time 

20 period. Averaging the bottleneck minutes per thousand results in a 
total time cost shown as 105.82 minutes/K. A bottleneck time 
charge ("BTC") is calculated as $.93 for a break-even factory or a 
factory which does not generate a profit on net assets ("RONA"). 
Multiply the BTC ($.93) by the stocknumber bottleneck time 

25 ( N SBTs x -) (105.82 minutes) equals stocknumber bottleneck cost 
("BCs x ") ($98.89). Adding the raw material cost CRM") (14.52) 
equals a total cost of $1 13.41 . 

In contrast, standard costing techniques have determined the 
cost of producing a thousand units would be $34.72. Similarly, 

30 when these costs are multiplied by the volume (K) of finished goods 
accepted (667.01), a likewise disparity between standard costing 
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and bottleneck costing is illustrated. Under standard costing 
techniques, the factory makes $5,191 during a month of production; 
while under bottleneck costing, the factory lost $47,296. 

With a 20% RON A factored in, the BTC is $1.05, which 
5 translates to a $126.15 target price per thousand of units. 

The chart also shows marketing value added, as well as 
factory value added as profit contribution values. 

Fig. 17 illustrates a work cell value creation module logic 86 
identified in Fig. 7. The logic module determines how much value a 
10 particular work cell is generating. A work cell and time period is 
selected in logic block 180. Relevant work cell data for the selected 
time period and work cell is collected in logic block 181. Value 
created for each workorder is then calculated in logic block 1 82 and 
value creation variables are summarized for the selected time period 
15 in logic block 183. Finally, the cycle time variables are output in a 
report format in logic block 1 84. A value creation report format is 
illustrated in Fig. 18. 

Work cell value created is determined by: 

20 VC = WR * WAY * WFE * WLE (Equ. 25) 

where: 

VC is Value Created; 
WR is Work Cell Revenue; 
25 WAY is Work Cell Average Yield; 

WFE is Work Cell Flow Efficiency; and 
WLE is Work Cell Labor Efficiency. 

Work Cell Revenue credits the work cell with the sales value of the 
30 good units the work cell produced during the time period selected. 
Work cell Revenue is defined as: 
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WR = I NAQw^CyP, * ASPs x (Equ. 26) 

Work Cell Average Yield measures the overall yield of the work cell 
for the period selected. Work Cell Average Yield is defined as: 

5 

WAY = I NAQw^c^/X AQw^p, (Equ. 27) 

Work Cell Flow Efficiency credits the work cell for the efficient use 
of processing time. Work Cell Flow Efficiency is defined as: 

10 

WFE = X WWNCTw^p,/! WWGCTw^c.p, (Equ. 28) 

Work Cell Flow Efficiency can also be an average weighted by 
stocknumber or workorder lot volume. Work Cell Labor Efficiency 
15 credits the work cell for the efficient use labor in the course of 
processing units. Work Cell Labor Efficiency is defined as: 

WLE = Budgeted Labor CostCyP^/Actual Labor Costc v p z 

(Equ. 29) 

20 

By applying the three efficiency factors to the total sales value 
of the product, the value the work cell created can be determined. 
In using the efficiency factors (WAY, WFE and WLE), the work cell 
can directly see how to increase value. A work cell can compare its 

25 performance with that of other work cells. In addition, a weighting 
could be applied to the efficiency factors to adjust the relative values 
of the factors and their impact on value creation, or to provide 
further incentive to improve a particular efficiency. 

Fig. 19 illustrates a scrap chargeback module logic 89 

30 identified in Fig. 7. Each work cell and workorder is identified in 
logic block 190. Work cells allocate scrap by using scrap codes and 
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quantity inputs in logic block 191 . Depending upon the scrap code 
and particular work cell reporting the scrap, yields are adjusted. For 
example, if process step D detects a plating error in a portion of a 
lot, a worker in a process step D work cell inputs the quantity of the 
5 scrap and a scrap code indicating a plating problem. Central 
processing 10 will then charge customer reported scrap 72, as 
illustrated in Fig. 6, to the appropriate plating work cell. However, 
if process step D detects a stamping error in a portion of a lot, a 
different scrap code would be entered and a particular stamping 

1 0 process step work cell would be assigned a scrap chargeback by 
central processing 10. Thus, scrap chargebacks are determined by 
the reporting work cell and scrap code input used. Scrap 
chargebacks are summarized by process steps in logic block 192. 
Each work cell and workorder accept quantities AQ and complete 

1 5 quantities CQ are adjusted for chargebacks for a particular workorder 
in logic block 193. Work cell and workorders yields are then 
calculated using AQ and CQ quantities adjusted by chargebacks in 
logic block 1 94. 

The foregoing description of the preferred embodiments of the 

20 present invention has been provided for the purposes of illustration 
and description. It is not intended to be exhaustive or to limit the 
invention to the precise forms disclosed. Obviously, many 
modifications and variations will be apparent to practitioners skilled 
in the art. The embodiments were chosen and described in order to 

25 best explain the principles of the invention and its practical 
applications, thereby enabling others skilled in the art to understand 
the invention for various embodiments and with the various 
modifications as are suited to the particular use contemplated. For 
example, other embodiments which do not include a network or 

30 central processing device are possible. A user could input work cell 
quantity and time data into a processing apparatus, specifically an 
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apparatus memory location, which calculates and outputs cycle time 
data. The output cycle time data could include factory bottleneck 
determination information, as well as bottleneck cost in a factory. 
The cycle time data may be output to a display screen, printer, or 
5 transferred by other communication media. It is intended that the 
scope of the invention be defined by the following claims and their 
equivalents. 
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CLAIMS 

1 ) A method for determining a bottleneck for a product in 
a manufacturing facility, comprising the steps of: 
5 storing time and quantity data from a process step in a 

memory location ; 

calculating a processing time in response to the time 
and quantity data; 

calculating a total thruput value for the product at the 
10 process step; 

calculating a thruput rate for the process step in 
response to the thruput value and processing time; and 

selecting a minimum thruput rate corresponding to the 
bottleneck for the product. 



15 



20 



25 



2) The method of claim 1 , wherein the processing time is 

calculated according to the equation: 

WPTwjl, = (BTDw^CyP, - ATDw^CyP,) 
+ <(CTD Wj l t c vPz -BTD Wj l t c y p 2 ) * WWYpJ. 

3) The method of claim 1 , wherein the processing time is 
calculated according to the equation: 

WPTWjl, = {BTDw^CyP, - ATDw^p,) + ({CTDw^CyP, - 
BTDw^CyP,). 

4) The method of claim 1 , wherein the total thruput value 
is calculated according to the equation: 

T$p z = Z (ASPs x - RMCsJ * NAQs x p z . 



30 



5) The method of claim 2 or 3, wherein the processing 
time is calculated by the equation: 

PTp z = I WPTp z 
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6) The method of claim 5, wherein the thruput rate is 
calculated according to the equation: 

T$Rp 2 = T$p 2 /PTp z 



5 7) A method for obtaining bottleneck cost information for 

a product in a manufacturing facility having a bottleneck process 
step, comprising the steps: 

calculating a bottleneck processing time responsive to 
a completed product of the bottleneck process step; 
10 obtaining a bottleneck time charge; and 

obtaining a bottleneck cost of the product responsive to 
the bottleneck processing time and the bottleneck time charge. 



8) The method of claim 7, wherein the method further 
1 5 includes: 

calculating a total product yield; 
calculating a raw material cost responsive to the total 
product yield; and 

obtaining a total product bottleneck cost responsive to 
20 the bottleneck cost and raw material cost. 



9) The method of claim 8, wherein the total product yield 
is calculated according to the equation: 

NYs, = Ys xPl * Ys x p 2 • Ys x p 3 * Ys,p 4 * Ys x p 5 . 

25 

10) The method of claim 9, wherein the raw material cost 
is calculated according to the equation: 

RMCs w = RMsJNYs.. 



30 11) The method of claim 7, wherein the bottleneck time 

charge is calculated according to the equation: 
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BTC = Operating Expenses/Bottleneck Processing Time. 

1 2) The method of claim 1 1 , wherein the bottleneck 
processing time is calculated according to the equation: 

5 SBTs x = SWBTs x as a function of NAQs x . 

13) The method of claim 12, wherein the bottleneck cost of 
the product is calculated according to the equation: 

BCs x = SBTs K * BTC. 

10 

14) A method for obtaining a bottleneck cost of a product 
in a manufacturing facility having a plurality of manufacturing 
process steps, comprising the steps of: 

storing time and quantity data from the plurality of 
15 process steps in a memory location; 

calculating a processing time corresponding to each 
process step responsive to the time data; 

calculating a total thruput value for a product at each 
process step; 

20 calculating a thruput rate for each process step in 

response to the total thruput value and the processing time of the 

corresponding plurality of process steps; 

selecting a minimizing thruput rate corresponding to the 

factory bottleneck process step; 
25 calculating a bottleneck processing time responsive to 

completed products at the bottleneck process step; 

obtaining a bottleneck time charge; and 

obtaining a bottleneck cost of the product responsive to 

the bottleneck processing time and bottleneck time charge. 

30 
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15) The method of claim 14, wherein the processing time 

is calculated according to the equation: 

WPTw^ = (BTDw^p, - ATDw^p,) 
+ ((CTDw^CyP, -BTDw^p,) * WWYp z ). 

5 

16) The method of claim 14, wherein the processing time 
is calculated according to the equation: 

WPTwjl, = (BTDw^CyP, - ATDw^CyP,) + ((CTDw^CyP, - 
10 BTD Wj l t c v p 2 ). 

1 7) The method of claim 1 4, wherein the total thruput value 
is calculated according to the equation: 

T$p z = I <ASPs x - RMCsJ * NAQs x p z . 



15 



18) The method of claim 14, wherein the bottleneck time 
charge is calculated according to the equation: 

BTC = Operating Expenses/Bottleneck Processing Time. 



20 19) The method of claim 14, wherein the bottleneck 

processing time is calculated according to the equation: 

SWBTs, = WPTw j l t c y p bott( . n ^ k s x /NAQw j l t c v p bottIenTOk s )( . 

20) The method of claim 14, wherein the bottleneck cost of 
25 the product is calculated according to the equation: 

BCs x = SBTs x * BTC. 



21 ) An article of manufacture including a computer readable 
medium having computer readable program code means embodied 
30 therein for determining a bottleneck for a product in a manufacturing 
facility, the computer readable program code means in the article of 
manufacture comprising: 
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computer readable program code means for causing a 
computer to calculate a processing time responsive to time and 
quantity data at a process step; 

computer readable program code means for causing a 
5 computer to calculate a total thruput value for the product at the 
process step; 

computer readable program code means for causing a 
computer to calculate a thruput rate responsive to the total thruput 
value and the processing time; and 
10 computer readable program code means for causing a 

computer to select a minimum thruput rate corresponding to the 
bottleneck. 

22) The article of manufacture of claim 21, wherein the 
1 5 computer readable program code means for causing a computer to 

calculate processing time calculates processing time according to the 
equation : 

WPTw^ = (BTDw^CyP, - ATDw^CyP,) 
+ ({CTDw^CyP, -BTDw^CyP,) * WWYp 2 ). 

20 

23) The article of manufacture of claim 21, wherein the 
computer readable program code means for causing a computer to 
calculate processing time calculates processing time according to the 
equation: 

25 WPTw^ = (BTDw^p, - ATDw^CyP,) + ((CTDWjl t CyP z - 

BTD Wj l t CyP z ). 

24) The article of manufacture of claim 21 , wherein the 
computer readable program code means for causing a computer to 

30 calculate a thruput value calculates the thruput value according to 
the equation: 

T$p z = I (ASPs x - RMCs K ) * NAQs x p z . 
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25) The article of manufacture of claim 21, wherein the 
computer readable program code means for causing a computer to 
calculate a thruput rate calculating the thruput rate according to the 
equation: 

5 T$Rp 2 = T$p,/PTp 2 . 

26) An article of manufacture including a computer readable 
medium having computer readable program means embodied therein 
for obtaining bottleneck cost information for a product in a 

10 manufacturing facility having a bottleneck process step, the 
computer readable means in the article of manufacture comprising: 
computer readable program code means for causing a 
computer to calculate a bottleneck processing time responsive to a 
completed product of the bottleneck process step; 

1 5 computer readable program code means for causing a 

computer to obtain a bottleneck time charge; and 

computer readable program code means for causing a 
computer to obtain a bottleneck cost of the product responsive to 
the bottleneck processing time and the bottleneck time charge. 

20 

27) The article of manufacture of claim 26, wherein the 
article of manufacture further includes: 

a computer readable program code means for causing 
a computer to calculate a total product yield; 
25 computer readable program code means for causing a 

computer to calculate a raw materials cost responsive to the total 
product yield; and 

computer readable program code means for causing a 
computer to obtain a total product bottleneck cost responsive to the 
30 bottleneck cost and the raw material cost. 
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28) The article of manufacture of claim 27, wherein the 
computer readable program code means for causing a computer to 
calculate the total product yield calculates the total product yield 
according to the equation: 

5 NYs x = Ys„ Pl * Ys K p 2 * Ys M p 3 # Ys x p 4 • Ys„p s . 

29) The article of manufacture of claim 28, wherein the 
computer readable program code means for causing a computer to 
calculate the raw material cost calculates the raw material cost 

10 according to the equation: 

RMCs, = RMs K /NYs x . 

30) The article of manufacture of claim 27, wherein the 
computer readable program code means for causing a computer to 

15 calculate the bottleneck time charge calculates bottleneck time 
charge according to the equation: 

BTC = Operating Expenses/Bottleneck Processing Time. 

31) The article of manufacture of claim 27, wherein the 
20 computer readable program code means for causing a computer to 

calculate bottleneck processing time calculates bottleneck processing 
time according to the equation: 

SBTs, = SWBTs K as a function of NAQs x . 

25 32) The article of manufacture of claim 27, wherein the 

computer readable program code means for causing a computer to 
calculate bottleneck cost calculates bottleneck cost according to the 
equation: 

BCs M = SBTs, * BTC. 



30 
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